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ABSTRACT 


In  this  report  equations  are  derived  for  computing  static  and 
dynamic  aerodynamic  dei  vatives  from  forced  oscillation  wind  tunnel 
tests  of  volute-stabilized  munition  models.  A  linear  model  is  used 
for  the  pitching  moment  equation  which  considers  small  pitch  angles 
and  small  volute  spring  angles  (or  small  perturbations),  with  no 
shift  in  the  center  of  gravity.  The  theory  represents  an  extension 
of  the  methods  presented  in  Arnold  Engineering  Development  Center 
technical  report  AEDC-TR-69-208  and  in  Advisory  Group  for  Aerospace 
Research  and  Development  report  AGARDograph  121  to  two  degrees  of 
angluar  freedom. 
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SECTION  I 


INTRODUCTION 


Methods  have  been  derived  for  computing  model  aerodynamic  derivatives 
from  forced  oscillation  wind  tunnel  tests  with  one  degree  of  angular 
freedom  (References  1  and  2).  These  are  for  small  oscillations  in  pitch 
angle  of  a  rigid  body.  In  this  report  these  methods  are  extended  to 
cover  small  forced  oscillations  in  the  pitch  angle  of  a  body  with  an 
elastic  tail,  as  with  a  spring  volute  stabilized  model. 

The  volute  (Figure  1)  is  a  light  coiled  spring  device  which  stores 
compactly.  In  action  the  coiled  spring  releases  to  form  a  cone-shaped 
extension  to  a  munition  forebody.  This  rearward  extension  stabilizes  the 
munition  and  gives  a  preferred  orientation  in  applications. 

The  analysis  considers  linearized  equations  of  motion  for  small 
vl..:>-s  of  the  pitch  angle  9  and  volute  angle  6,  or  small  perturbations 
oi  these  angles. 

As  the  volute  is  a  light,  flexible  spring,  subjected  in  use  to  a 
distributed  load,  it  will  be~d  in  an  elastic  curve.  For  the  purpose  of 
analyzing  the  inertia  torques,  this  curve  is  idealized  to  be  a  straight 
line.  However,  the  results  are  applicable  to  the  real  volute,  so  long 
as  the  volute  angle  8  remains  small,  with  Cos  6  approximately  one  and 
no  important  shifts  in  the  center  of  gravity  of  the  model  or  the  moments 
of  inertia.  For  the  curved  volute,  the  volute  angle  6  may  be  defined  as 
the  angle  between  the  longitudinal  axis  of  the  forebody  and  the  line 
connecting  the  center  of  the  volute  hinge  with  the  center  of  the  rear 
face  of  the  volute  spring.  The  angle  5  is  taken  positive  when  the  volute 
axis  lies  below  the  longitudinal  axis  of  the  forebody. 
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SECTION  [I 


THE  SOLUTION  OF  AN  EQUATION  FOR  FORCED 
OSCILLATION  OF  A  LINEAR  OSCILLATOR 


Consider  the  equation: 

2 

0  +  2?o)n9  +  a)n  0  =  TCoscot  ;  (o<C<l)  (1) 

The  solution  consists  of  a  solution  to  the  homogeneous  equation 
plus  a  particular  solution.  The  solution  to  the  homogeneous  equation 
is : 


0c  =  [K  exp  (-Cu>nt)]  Cos(o>nt  Vl^2  +  40  (2) 


where  K  and  <j>  are  functions  of  initial  conditions.  The  particular 
solution  is: 

0p  =  ASincot  +  BCoscot  (5) 


Upon  substituting  0  =  0C  +  0p  into  Equation  1  and  collecting  coefficients, 
one  gets : 

2  2 

(Coscot)  [-(o  B  +  2?u  u  \  +  w  B]  +  Sincot 

(4) 

2  2 
[-03  A-2?w  to  B  +  o>  A)  =  TCoscot 
1  n  n 


2  2 

-2£<on<oB  +  (“to  +  «n  )  A  =  0  (5a) 


2  2 

(-Co  +  <on  )  B  +  2?wncoA  =  T  (5b) 
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SECTION  HI 


FORCED  OSCILLATION  AT  SYSTEM  UNDAMPED  NATURAL  FREQUENCY 
(SINGLE  DEGREE  OF  ANGULAR  FREEDOM) 


This  section  presents  a  portion  of  the  theory  developed  in  References 
1  and  2  and  is  included  in  the  interest  of  completeness.  The  pitching 
moment  equation  may  be  taken  as 


ie-M00-Me0  =  TCosu^t;  u^2  =  -M  /I  (7) 

where  0  is  the  perturbation  of  pitch  angle,  and  the  perturbation  torque 
is  TCosajjjt. 

After  transients  have  died  out 


0  =  0O  Sina^t 

0  =  0o  o)n  Cos«nt 

0  =  -0  a)  2  Sinu)  t 
on  n 

Substituting  into  equation  7, 

-M*0  <o  =  T 
0  o  n 

-Mg  =  T/80u)n 

Since  the  structural  damping  coefficient  M^  is  inversely 
proportional  to  the  frequency 


(8a) 

(8b) 

(8c) 


(9a) 

(9b) 


5 
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so  + 


SECTION  IV 


INERTIA  TERMS  IN  PITCHING  MOMENT  EQUATION  FOR 
VOLUTE  STABILIZED  MODEL  WITH  TWO  DEGREES  OF  FREEDOM 


The  model  is  taken  to  be  rotationally  symmetric  about  the  longitudinal 
axes  of  the  forebody  and  the  tail.  Consider  a  body  axis  system  with  origin 
located  on  the  pitch  axis  and  the  longitudinal  axis  of  the  forebody,  x  axis 
forward  along  the  longitudinal  axis,  y  axis  the  pitch  axis,  and  x,y,z  a 
right-hand  set  of  axes.  Let  unit  vectors  aligned  with  these  axes  be 

“V  -  V  4"  *4 

i,j,k.  Let  R^  be  a  vector  from  the  origin  to  the  point  Pi (X) ,y) ,z^) , 

i  =  Xii*yij+Zik,  with  the  mass  at  P^ (x^ ,  yi,  Zi) .  The  angular 

velocity  of  the  axes  is:  + 

w  =  9j 

The  inertia  torque  terms  are  obtained  as: 


(angular  momentum) g  = 


JLT  +  ^ 

dt  g  mi  Ri@ 


R; 


(13a) 


For  the  forebody: 


»  »  t 


X.  a  y.  =  Z.  =  X.  =  V.  =  Z.  =  0 
111111 


->•  -*■ 


=  W  ®  Ri  =  a  f-xik+zii] 


Cangular  momentum)  =  £  miRi ®  Rt 


(13b) 


(angular  momentum) B  =  eZm.  [(x.2  +  z.2)^  -  x.y.i-y.z.k]  (13c) 
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FrciP  symmetry, 


i 


if.’ 


\ 

< 


i 


B 


jf 

S 


> 


i 

f 

r 

i 

f 


W 


I 


I 

J 

| 

f 


L  (-VV}  =  £ 

B  B 


m.  (-y.z.k)  =  0 
i  li 


(angular  momentum) g  = 


(13d) 


i  -y  jjj  ~y  -y  -y 

Using  the  formula,  -f-  (Hi)  =  -7-  j  +  H  (10®  j),  one  notes  that 

at  at 

■**  ^  -f 

here  j  =  0  ,  as  there  is  no  rotation  about  the  roll  and  yaw  axes. 


Therefore,  (inertia  torque)  =  e]£mi(xi2  +  Zj2)  j  =  I  0^ 


(13e) 


when 


‘B  "i  (xi2*  2i2) 

D 


To  compute  the  inertia  torque  of  the  volute  tail  about  the  pitch  axis, 
let  an  auxiliary  set  of  axes,  xt,yt,zt.,  be  located  with  oirgin  at  the  tail 

hinge  center  (intersection  of  longitudinal  axes  of  the  forebody  and  tail), 
with  xt  forward  along  the  longitudinal  axis  of  the  tail,  yt  parallel  to 

the  pitch  axis,  and  x^,y^,z^.  a  right-hand  set  of  axes.  The  x^.  axis  is 
inclined  to  the  x  axis  by  the  volute  angle  6,  the  volute  longitudinal  axis 
is  here  idealized  as  a  straight  line.  £et  the  vector  from  the  origin  of 
x,y,z  to  the^origin  of  be  (-Rti) .  Let  unit  vectors  aligned  with 

xt'yt,zt  I’i-k.  Then  for  a  point  (x^,yj,Zj)  with  mass  located 
on  the  tail,  and  with  (xt,yt,zt)  coordinates  (xti,yti,zti) • 


R.  =-Ri  +  x.i  +  y.j  +  z.k 
1  t  ti  ti  ti 


(14a) 


R.  =  (R.*i)  i  +  (R.*j)  j  +  (R. *k)k 


(14b) 


8 


I 


t  « 


R,  =  (-R  +  x  Cos6  +  z  Sin6)  i  +  y  . j  +  (-x  .  Sin6  +  z  . Cos6)k 
i  t  ti  ti  ti  ti  ti 


(14c) 


Here 


X  =  y  .  =  z  .  =  x  =y  =  z  =n 
tl  ti  tl  tl  7tl  ti 


R.  = 


=  'S[(-xtiSin6+ztiCos6)i  +  (-xt.Cos6-z1..Sin6)k]  +  u  ®  R,  ; 


ti  ti 


go  =  j  0 


(14d) 


R1  =  <5[(-x  Sin<$  +  z  Cos6)i  +  (-x  .Cos6-z  .Sin6)kl  + 
ti  ti  ti  ti 


0[-(-Rt  +  xtiCos6+  ztiSin6)k  +  (-xtiSin5  +  ztiCos<S)i] 


(angular  momentum) t  =  £  mi R.  (g)  R. 


From  symmetry,  the  terms  in  the  summation  involving  y  drop  out. 


(14e) 


(14f) 


(angular  momentum),.  =  £„.  |  j[(.Rt  *  xtiCos<*ztiSinS) . 
(-xtiCos6-ztiSin6)C-j)+  (-x^SirnS  ♦  zt -Cosfi)  (-.x^Sinfi  +  zt.Cos6)j) 
+  6[(-Rt+xtiCos6  +  zt.Sin6)  (-Rt+xtiCos«  +  ztiSin6) 

+  (-xtiSin6  +  ztiCos«5)  (-xtiSinfi  +  ztiCos6)]j| 


Q 


(amgular  momentum) t  =  j  3- m.  |  5 [-RtxtiCo3<S“RtztiSin,S 

(I4h) 

+x  .  2+  z  , 2 ] +9 [R  2-2R  x  .CosS  +  x  .2+z  .2-2R  z  .Sinfili 
ti  ti  t  t  ti  ti  ti  t  ti  / 


We  note  that  -  E  mi6RtztiSin6  =  -2  E  "H  ®RtztiSin,S  =  0  because  of  symmetry, 
t  t 


V  ^  (  *  2  2 

(angular  momentum)t  =  RtxtiCos6+xti  +zti  ] 

t  ( 

C  14i) 

+e[Rt2-2RtxtiCos6+xti  *zti  ]} 


(inertia  torque)t  = — (angular  momentun).  (ISa) 

dt  L 


—  -  -  ^  .fr  -v  l  ••  22 

(inertia  torque)t  =  j L,  nijJiS f~RtxtiCosiS  +  xti  +  zti  ] 

t 

+  0[R  -2R  x  Cosi+x  2+z  .  ]  +6  [R  x  .Sin6]+06[2R  x  .Sin6]l 
t  t  ti  ti  ti  t  ti  t  ti  J  ( 


(15b) 


Assuming  6,  0,  and  <5  remain  small,  the  last  two  brackets  are  higher 
order  terms  and  may  be  neglected. 


(inertia  torque) t  =  JE  mi{fi[-RtxtiCos«  +  xti2+  z^2] 


.6[Rt  -2R(xt.Cos«  .  xt.2.  zt.2]} 


(15c) 
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Mere 


-^miRtxtiC°s<S  =  mfRtrtCos<$ 


£W*  :u2)  *  [t, 


hinge 


-  V  m  (2R  x  CosS)  =  2m  R  r  Cos6 
t  i  t  ti  t  t  t 

where =  mt  and  rt  is  the  separation  of  the  tail  CG  from  the  tail  origin 
t 

at  the  hinge. 

Abbreviating 

£mi[-RtxtiCos«  ♦  xtA  zti2]  =  mtRt?tCos6  +  It>hinge  -  K, 
^■mi[Rt2.2RtxtiCos6  +  xti2+  zti2)  =  mtRt2+2mtRtr'tCos6  +  It>hinge=  It 


1  =  TB  +  Tt 


The  inertia  torque  of  the  model  is  then  given  by 


Inertia  torque  =10+  K^5 


(16) 
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SECTION  V 


WIND  TUNNEL  FORCED  OSCILLATION  AT  UNDAMPED  NATURAL  FREQUENCY 
OF  SYSTEM  WITH  TWO  DEGREES  OF  ANGULAR  FREEDOM,  LINEAR  MODEL 

n  21 

The  linearized  pitching  moment  equation  *  may  be  taken  as 


19  +  K  6-M*0-M£6-M0e-M66  =  TCoswt  (17j 

where  0  and  6  are  perturbations  of  the  pitch  and  volute  angles,  and  the 
perturbing  moment  is  TCoscot.  Here  the  unperturbed  value  of  the  volute 
angle  6  is  used  in  evaluating  the  constant  values  of  I  and  Kt.  For  the 

wind-on  condition  m  the  tunnel,  the  coefficients  would  have  a  subscript 
w  and  for  vacuum  conditions,  these  coefficients  would  have  a  subscript  v. 

In  the  dynamic  tests,  the  model  is  subjected  to  a  forcing  torque, 
TCoscot.  Assuming  that  0  and  6  are  positively  damped  (Mq<0,  Mg<0),  the 

transient  solution  to  the  homogeneous  equation  damps  out  and  disappears 
from  the  motion.  The  remaining  motions  of  0  and  6  are  then  sinusoidal 
vibrations  at  frequency  w.  Equation  17  may  then  be  split  into  separate 
equations  for  0  and  6  as  follows: 


IO-Mq0-M00  =  ACoswt  +  BSinwt  (18) 

K^-M^S-M^  =  (T-A)  Cosut  -  BSinwt  (19) 

Here  A  and  B  remain  to  be  determined. 

The  technique  of  forcing  at  the  undamped  natural  frequency  of 
the  system,  where  wn2  =  -MQ/I,  j.s  to  vary  w  until  0  =  .0O  Sinurt 
(=0oSina>nt) ;  u>n  occurs  when  the  phase  angle  between  0  and  the  forcing 
moment  is  90°.  This  drives  B  to  a  value  of  zero. 

For  uj  =  ion 
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0  =  0oSinwnt  (here  0O  is  the  amplitude) 


0  =  OjjtOj^Cosu^t 


(20) 


2  • 

0  =  Sina)nt 


I0-M00-Mg0  =  -MgOQO^CosWjjt  =  ACostont 


Using  the  subscripts 


M0  =  -A/eo^ 

a  =  aerodynamic  value 

w  =  value  with  wind  on 

v  =  value  under  vacuum  conditions 


(21) 


one  gets 


Me  =  -A/0^ 
w 


(22) 


(23) 


(\  +  Cmi)=  1>,0aUSd2 


=  m;  (2L. 


(24) 


=  Mo  -Mn  ;  =  -Io>„ 

°a  °w  °v  uw  n 


(25) 


C  =  M0  / qSd 


a  a 


(26) 


The  wind  on  values  of  the  coefficients  will  be  known  when  the 
quantity  A  has  been  evaluated  and  the  vacuum  values  have  been  determined. 
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At  the  same  time,  <S  =  £oCos  Ont  +  <$>)  where  6q  is  the  amplitude, 

*  i$  the  Phase  anSle»  and  6o  and  c,  may  he  measured. 

<S  =  (j^Cosfu  t  +d>) 
u  n 

%s  =  (27) 

6  =  "un2<SoCos(“nt+(^ 


whence 


6  Sin<J>)-M,r  (6  Cos<f>)  =  (T-A)  +  K  w  6  Cos4>  f 33") 

6  n  o  °o  tno  v 


•  Kt'j)n  Sin<f> 


Sin6 


Md  = 


(T-A)  +  Ktwn  60Cos({i  -6 0Cos<p 


(34) 


M6  = 


w  6  Sin<()  (T-A)  +  K  oo  "^6  Cos<J> 
no  tno 


-CD  6 

n  o 


(35) 


On  expanding  the  determinants , 


M 


6 


(T-A)Sin<j> 


(36) 


-  [ (T-A)Cos<f>  +  K  u>  2S  ] 
t  n  o 


(37) 


Solving  for  (T-A) , 


T-A 


u  6  M; 
n  o  $ 


5m<}> 


-6  M  -K  u  6 
o  5  t  n  o 


Cos<j> 


(38) 
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In  order  to  evaluate  (T-A) ,  one  method  would 
of  Mg  so  that  the  far  right  member  of  equation  38 


be  a  static  determination 
could  be  evaluated. 


Another  method  would  be  forced  oscillation  at  the  undamped  natural  fre 
quency  of  the  volute.  One  has 


M<$  =  M6  +  M<5spring 
volute 


Static  Moment 

6 


(39) 


whence 


Cmx  =  M6  /c*Sd  (40) 

o  a 


A  =  T- (T-A)  (41) 


M« 


w 


(T-A)Sinij) 


M6  +  MS  spring 
a  volute 


(42a) 


^spring  =  \ 
volute  '  *1/ 


(42b) 


/  .  \  2V 

.  /  2V  \ 

1  m;  -m;  .  \  -7-2 

[  <5W  Ospnng  1  qSd 

<5  a  (qSd2) 

'  volute' 

(43) 


There  remains  the  problem  of  obtaining  Mqv  and  Mqv.  The  model  is 

oscillated  in  the  vacuum  tunnel  at  the  undamped  natural  frequency  of  the 
system.  The  equation  is 


I9+Kt6-Mg0-M'6-M00-M56  =  TjCosmt 


(44) 


(similar  to  Equation  17) 
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After  the  transients  have  died  out  and  10=0^,  one  has 


(ie-M*e-MQe)  =  c  Cosu  t 

0  0  V  ny 

(45) 

M-Ml  5 -Mr  5  =  (T.,  -C)Cosco  t 
t  \  \  1  nv 

(46) 

0  =  0oSin(on  t 

0  =  (^  ©QCosun  t 

(47) 

2 

0  =  -un  ©QSintOj,  t 

<-H9>v\9o=  C 

(48a) 

\  “  -C'Vo 

(48b) 

\  -  ^"i-v2 

(49) 

At  the  same  time,  6  =  6oCos(wn  t  +  <f>j)  (by  analogy  with  Equation  36) 

v 


CT  i~C)  Si  n<t>  1 


M.  = - 

v° 


C50) 


M, 


[(Tj-CJCosifij  +  KtajH  6q] 


(51) 
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The  restoring  moment  coefficient  of  the  spring  volute  M,$v,  may  be 

obtained  by  static  experiment,  or  from  forced  oscillation  at  the  undamped 
natural  frequency  of  the  volute,  so  that  C  may  be  obtained  from  Equation 
52,  and  Mfl  and  Mi  from  Equations  48  and  49. 

O  Uy 


SUCTION  VI 
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m@  = 


A+Ioj  0oCos^j 


■0oCosi|»i 


-0)9, 


(61) 


= 


(o0oCosij)1  -Iu)  O^ini^j+B 


o)0oSimJ)j  A+Io)  0oCosij)i 
-o)0. 2 


(62) 


On  expanding  these  determinants  and  simplifying  there  results 


MA  = 


ASimJij  +  BCosi^ 


0)0, 


(63) 


-{ACosiJjj  +  Io)  0  -BSin<J>i] 


Me  = 


(64) 


Upon  substituting  from  Equation  57  into  Equation  55,  there  results 


-Kt«0»  [Cos'l'2Cos<ot  "  SirojigSinojtJ+M'S  o> [Sirnp^Cosoit  +  Cosi|»2Sino)t] 


-M  i  [Cosi|)  Cosojt  -  Sintji  Sinoit]  =(T-A)  Coso)t  -  BSino)t 
oo  2  2 


(65) 


Upon  equating  the  coefficients  of  Sino)t  and  Coso)t  on  the  two 
sides  of  this  equation  and  rearranging,  one  gets 


Solving, 


Simplifying, 


M.(o)6  Cosi^-)  +  M  6  Sinij)-  =  -K  o)26  Siniji  -B 
oo  2  oo  2  to  2 


2 

M.  (o)6  Sinip  1  -M  8  CosiJ)  =  (T-A)  +  K  o)  6  Cosi|)5 
fi  o  6  o  2  t  o  l 


(66) 

(67) 


M6  " 


-K.o)  5  Sin<J>  -B 
t  c  2 


«0Sini|j2 


(T-AJ+K^o)  6oCosi^2  -60Cos^ 


-o>6 


M6 


o)6  Cos^2 


J6  Sinif). 
o  2 


-K.o)  6  Sind;  -B 
t  o  t2 


(T-A)+Ktoj  6qCos)|)2 


-0)5, 


(68) 


(69) 


M6 


(T-A)Sin^2-BCosi|i2 

M-'= - 

0)6 

o 

-  [(T-A)Cosi()2  +  Kto)260+BSini|)2  ] 
o 


(70) 


(71) 
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Further  information  is  needed  to  evaluate  A  and  B.  If  M*  =  Mr  + 

°w  5a 


Mg  .  is  known  from  static  tests.  Equation  71  is  one  equation  involving 
volute 


A  and  B.  Another  relation  is  Equation  64,  if  Ma  =  +  M„  ,  and  M«  is 

ew  ea  0V  0a 


known  from  static  tests,  and  M0^  is  known  from  vacuum  tests.  Assuming 


these  values  are  known, 


ACosi/i,  -BSintJ/,  =  -Mo0  -Ito  0 
i  i  y  o  c 


-ACosi p  +  BSin^  =  -TCosi^  6 

2  2  o  0  2  ^  C 


-M.8  -lot  0 
0  0  0 


-Sinipj 


-M^<5  -TCosi/ig-K^u  <5Q  Sin-^2 


A  = 


SinC^-^j) 


C72) 


(73) 


(74) 


Cosi{)  -Mft0  -Iu>2e„ 

1  0  0  o 

-Cosij>  -Mx<S  -TCos*  -K*u>2« 

2  oo  2  t  o 

B  - - : - - - 

Sin  (il>  -ip  )  1 

r  2  1 

It  may  be  observed  that  when  u  =  u!n,  =  -90°,  B  =  0,  and  (T-A)  has 
the  same  value  as  that  given  by  Equation  38. 

These  values  of  A  and  B  may  be  substituted  into  Equations  61  and  62 
to  evaluare  M0w  and  M0w>  The  quantities  M0y,  M0v,  and  Mgv  may  be  obtained 

as  in  Section  V  by  vacuum  tests  at  the  system  undamped  natural  frequency. 


They  may  also  be  substituted  into  Equations  70  and  71  to  get  and 
however,  M0  and  Mg  have  been  assumed  known  in  this  application  from 
static  tests  and  vacuum  tests. 

The  remaining  equations  for  the  aerodynamic  derivatives  are  the 
following: 


M£a  ~  \  spring’  ^6 spring  M6V(  o>  ) 


volute  volute 


C  =  Mg  (2V/qSd  ) 


6  a 


M  -  M  -  M 

5  ^spring 

a  w  volute 


Cm  -  M5  ^Sd 
<5  a 


(76) 

(24) 

(25) 

(26) 

(77) 

(78) 

(79) 

(40) 
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The  restrictions  on  the  above  solutions  are 

1.  Configurations  with  symmetry  about  the  pitch  and  yaw  planes  or 
greater  symmetry. 

2.  First  order  linear  aerodynamics. 

3.  Small  perturbations. 

4.  No  significant  changes  in  CG  location  or  moments  of  inertia 
during  the  motion. 

5.  System  damping  causes  initial  condition  transients  to  decay. 
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SECTION  VII 
CONCLUSION 


Equations  have  been  obtained  to  compute  volute-equipped  munition 
model  aerodynamic  derivatives  from  forced  oscillation  wind  tunnel  tests 
of  pitching  motions.  These  methods  represent  extensions  of  the  methods 
outlined  in  References  1  and  2.  They  require  certain  additional  values 
of  coefficients  which  may  be  obtained  from  static  and  vacuum  tests  in 
the  wind  tunnel.  Structural  and  aerodynamic  contributions  to  pitch 
damping  and  overturning  moment  coefficients  may  be  computed  separately 
by  the  process  outlined. 

It  is  believed  that  within  the  limitations  of  the  linear  theory 
outlined,  these  equations  should  serve  in  reducing  data  from  forced 
oscillation  wind  tunnel  tests  of  volute-stabilized  models  of  munitions. 


REFERENCES 


B.  L.  Uselton,  Dynamic  Stability  Characteristics  of  3-  and  5-  Caliber 
Secant-Ogive  Cylinder  Models  at  Mach  Numbers  1.5  Through  S,  Arnold 
Engineering  Development  Center  Technical  Report  AEDC-TR-69-208, 

December  1969. 

C.  J.  Scl.ueler.  L.  K.  Ward,  and  A.  E.  Hodapp,  Jr.,  Techniques  for 
Measurement  of  Dynamic  Stability  Derivatives  in  Ground  Test  Facilities, 
Advisory  Group  for  Aerospace  Research  and  Development  f AGARD) ,  AGARD- 
ograph  121,  October  1967. 


UNCLASS [PIED 

Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  classification  ot  tttle,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified) 

1.  ORIGINATING  ACTIVITY  (Corporate  author)  I 

Technology  Division 

2a.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

Air  Force  Armament  Laboratory 

Eglin  Air  Force  Base.  Florida  32542 

2b.  GROUP 

3.  REPORT  TITLE 

SOME  METHODS  FOR  EXTRACTING  AERODYNAMIC  DERIVATIVES 
TUNNEL  TESTS  WITH  APPLICATION  TO  VOLUTE  STABILIZED  M 

FROM  FORCED  OSCILLATION  WIND 
DDELS 

4.  DESCRIPTIVE  NOTES  (Type  of  r®pofl  and  Inclusive  dates) 

Final  Report  -  February  1970  to  June  1970 

®*  AUTHORISI  (First  name,  middle  initial,  last  name) 

Mark  0.  Glasgow 

#  REPORT  DATE 

June  1970 


•a.  CONTRACT  OR  GRANT  NO 


7a.  TOTAL  NO.  OF  PAGES 

37 


9a.  ORIGINATOR'S  REPORT  NUMBER(S) 


AFATL-TR-70-58 


9b.  OTHER  REPORT  NO(S>  (Any  other  n umbers  that  may  be  assigned 
this  report) 


b.  PROJECT  NO.  2547 

c-  Task  01 
*  Work  Unit  Oil 


10.  DISTRIBUTION  STATEMENT 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  approval  of 
the  Air  Force  Armament  Laboratory  (ATRA) ,  Eglin  Air  Force  Base.  Florida  32542. 


12.  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Armament  Laboratory 

Air  Force  Systems  Command 

Eglin  Air  Force  Base,  Florida  32542 


13.  ABSTRACT 


In  this  report  equations  are  derived  for  computing  static  and  dynamic  aerodynamic 
derivatives  from  forced  oscillation  wind  tunnel  tests  of  volute-stabilized 
munition  models.  A  linear  model  is  used  for  the  pitching  moment  equation  which 
considers  small  pitch  angles  and  small  volute  spring  angles  (or  small  perturba¬ 
tions)  ,  with  no  shift  in  the  center  of  gravity.1  Th.e  theory  represents  an 
extension  of  the  methods  presented  in  Arnold  Engineering  Development  Center 
technical  report  AEDC-TR-69-208  and  in  Advisory  Group  for  Aerospace  Research 
and  Development  report  AGARDograph  121  to  two  degrees  of  angular  freedom. 


,1473 


UNCLASSIFIED 

Security  Classification 


UNCLASSIFIED 


Security  Classification 


t  4 

K  e  v  WORDS 

LINK  A 

LINK  B 

link'c  I 

ROLE 

WT 

ROLE 

WT 

ROLE 

WT 

Static  aerodynamic  derivatives 

Dynamic  aerodynamic  derivatives 
Volute-stabilized  munition  model 

Forced  oscillation  wind  tunnel  tests 

UNCLASSIFIED 


Security  Classification 


